1. Introduction
===============

Health is a fundamental right of human beings. Each year, 38 million people die as a result of non-communicable diseases, with cardiovascular diseases (17.5 million) accounting for most of them.^\[[@R1]\]^ The causes of these non-communicable diseases, such as cardiovascular diseases, are multidimensional and complex; Leischik et al^\[[@R2]\]^ developed a 3D model of risk factors on the issue of health plasticity. These factors include environmental settings,^\[[@R1],[@R3]\]^ inequalities,^\[[@R4]\]^ behaviors,^\[[@R5]--[@R7]\]^ social/mental problems,^\[[@R4],[@R8]\]^ etc. The risk factors causing cardiovascular diseases should be similar to those factors mentioned above.^\[[@R1]--[@R9]\]^ Among those risk factors, work-related factors are of concern in the occupational safety and health fields.

In the last decade, work stress and burnout have become important issues all over the world.^\[[@R10]--[@R20]\]^ Moreover, several sudden deaths because of overwork (also known as "Karoshi") have drawn public concern and been a major health issue in Taiwan. These cases of sudden death were related to cerebrovascular disease.^\[[@R21]\]^ From 1994 to 2004, the Institute of Occupational Safety and Health conducted national surveys relevant to job stress; the results revealed that the percentage of workers who reported "always feeling job stress" increased substantially from 6.5% to 19.0%.^\[[@R22]--[@R24]\]^ Furthermore, the changes in job requirements, particularly in high-tech companies, for example, prolonged working hours and excessive workload, resulted in increased job stress. Research has shown that long-term exposure to high job stress may lead to chronic fatigue, anxiety symptoms, irritability, depersonalization, and health issues such as hypertension, cardiovascular diseases, and increased low density of cholesterol.^\[[@R25],[@R26]\]^ Prolonged working hours was one of the factors that could also increase the risk of cardiovascular diseases, even leading to sudden death.^\[[@R27]\]^ Therefore, the Ministry of Labor has issued the "The Guideline to Identify Cerebrovascular and Heart Diseases Induced by Jobs (Excluding the Acute Injuries)" in 2010 and specified that the major cause of such disease is excessive workload. Although a particular job is usually not the risk factor causing the cerebrovascular diseases, it is one of the precipitating factors of these diseases.^\[[@R28]\]^

Many organs in the body function because of the sympathetic and parasympathetic nervous systems under the final equilibrium state of the interaction between these systems, such as heartbeat, digestion, urination, and glycogen conversion. Heart rate variability (HRV) can be used to assess the overall activity of the autonomic nervous system (ANS).^\[[@R29],[@R30]\]^ The sudden decrease of HRV can be treated as a warning from the body systems and has been used as a long-term monitoring method for chronic disease, for example, cardiovascular diseases, diabetes, depression, arrhythmia, and sudden death.^\[[@R29],[@R31]\]^ The purpose of this study was to investigate the association between the occupational burnout inventory and HRV in a high-tech company.

2. Methods
==========

2.1. Study design
-----------------

This was a descriptive, cross-sectional study. The study participants were recruited using proportional stratified convenient sampling from a local display manufacturing company in Central Taiwan (6000 employees). There are 3 major departments in this company: engineering (38%), manufacturing (48%), and administration/logistics (14%). One unique characteristics of this type of company is that the technicians in the manufacturing department usually work for 12 hours either in day shift or night shift in consecutive days and then take 2-day off. In total, 120 participants completed the questionnaires and HRV measurement because of the time constraints and limited resources. All participants were recruited based on the percentage of the 3 departments: engineers (46 participants), manufacturing (57 participants), and administration (17 participants). Those who were pregnant, had dysautonomia, or had cancer were excluded from the study.

After reading the informed consent, all of the voluntary participants completed a biographic information questionnaire and occupational burnout inventory questionnaire in the physical examination room, office, or rest room. After completing these questionnaires, the researcher measured the physiological parameters of the ANS with a patient wrist monitor. If the measurement failed, the participant needed to rest for an additional 15 minutes before the next trial. The whole process took approximately 30 to 45 minutes. The China Medical University and Hospital Research Ethic Committee (CMUH REC) approved the research protocol (CMUH REC No. CMUH103-REC3-064). The recruiting period was from July 20 to November 30 in 2014.

2.2. Questionnaire and occupational burnout inventory
-----------------------------------------------------

The questionnaire used in this study included 3 main parts: demographic information and personal medical history, working conditions, and the Chinese version of the Copenhagen Burnout Inventory (C-CBI). Demographic information included age, gender, height, weight, educational level, marital status, medical history, current prescription drug use, current health status (e.g., headache, insomnia), diet, physical activities per week, and smoking status and these factors might affect the HRV results. Medical history included hypertension, heart disease (minor mitral valve prolapse), hepatitis, and gout. The category of "others" in the medical history included asthma, allergic rhinitis, gastroesophageal reflux, migraine, anemia, and hyperthyroidism. Current prescription drug use included for heart diseases, hypertension, thyroid disease, Chinese medicine, and others e.g., Tylenol). Current health status included headache, insomnia, exhaustion, and others (e.g., tired). Because the numbers of participants in some categories in the medical history, prescription drug use, and current health status were too small, we recategorized the data into dichotomous groups: yes/no or good/unwell for statistical analysis. Working conditions included job title, length of employment in current position, work shift, number of hours of overtime in the past month, and reasons that might be relevant to the occupational fatigue.

In this study, the "occupational burnout inventory" was used to assess the burnout status. This inventory consists of 2 major domains: the C-CBI and overcommitment to work. The C-CBI, modified based on the Copenhagen Burnout Inventory with good validity and reliability, consists of 16 items in 3 dimensions.^\[[@R24],[@R32]--[@R34]\]^ There are 5 items for personal burnout, 5 items for work-related burnout, and 6 items for client-related burnout. However, client-related burnout was excluded because of the job characteristics; the chosen departments did not interact with customers. A 5-point Likert scale was used for the C-CBI. To assess the overcommitment to work, a modified Chinese version, Job-Content Questionnaire from Siegrist\'s Effort-Reward Imbalance Questionnaire, was used. There were five 5-point Likert scale items in this questionnaire, with a good validity and reliability with respect to the untranslated version.^\[[@R26],[@R35]--[@R38]\]^

2.3. Heart rate variability
---------------------------

A patient wrist monitor (ANSWatch Model TS-0411, Taiwan Scientific Corp., New Taipei City, Taiwan) was used to measure the heart rate (HR) and ANS parameters, that is, heart rate variability (HRV). The cuff with piezoelectric sensors in it was placed on the radial artery on the left wrist for 7 minutes and recorded the blood pressure and pulse waveforms. Peak-to peak intervals were determined and calculated by time and frequency analyses. The HRV analysis followed the standard measurement proposed by the Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology.^\[[@R29],[@R39]\]^ Irregular heartbeats, as caused by arrhythmia or body movement, were excluded. The parameters of the ANS used in this study and the associated physiological meanings and units follow the suggestions provided by the instrument user manual^\[[@R40]\]^ and are listed below:

1.  HR: heart rate (beat/min).

2.  HRV: total ANS activity index (millisecond) defined as the standard deviation of all normal-to-normal intervals. The normal range is from 25 to 100 milliseconds.

3.  HF (%): high frequency (normal unit) representing the contribution of parasympathetic nervous activity; the normal range is from 30% to 55% with the mean equaled to 40.

4.  LF (%): low frequency (normal unit) representing the contribution of sympathetic nervous activity; the normal range is from 40% to 70% with the mean equaled to 60.

5.  LF/HF: ratio of LF to HF, representing the sympathetic-parasympathetic balance index; the normal range is from 0.5 to 2.5 with the mean equaled to 1.5.

The purpose of the HRV data collections was not used for disease diagnosis, and we categorized the data of HF and LF into 5 groups for statistical analysis reasons: less than 20, 20 to 39, 40 to 59, 60 to 79, and equal to or greater than 80.

2.4. Data analysis
------------------

Statistical analyses were performed using SPSS 17 (Chinese version 17.0, IBM Corp., New York, NY), with a level of significance of *P* \< .05. Demographic data, including gender, age, level of education, marital status, as well as the work condition data such as position, hours of overtime in the last week, and work shifts, are presented as numbers and percentages. A one-way analysis of variance was used for the analysis of occupational burnout inventory and HRV associated with demographic information, medical history information, and work conditions. Logistic regression analysis was performed to identify the factors of the occupational burnout inventory influencing HRV.

3. Results
==========

Table [1](#T1){ref-type="table"}  shows the demographic variables, job characteristics, and medical history information of the participants. Of the 120 participants, 66 (55%) were male and 54 (45%) were female. In terms of education, there was a significant difference in the education level between genders (*P* = .003). Further, there were significant differences in occupations between the gender groups (*P* \< .0001). Forty-six of the participants (38.3%) were engineers, and 41 of them were males (89%). Ninety-one percent of the female participants were technicians. There were significant differences in work shifts between the gender groups (*P* \< .0001). Fifty-nine percent of the males worked the night shift. However, 61% of the females worked the day shift. In terms of the number of hours of overtime in the past month, the results revealed that 74 participants (61.7%) were in the group with overtime hours between 1 and 46 hours, and 53 (71.6%) of them were males. Furthermore, the company\'s request (46.7%) was the main reason for working overtime. In terms of medical history, 4 participants had heart disease. All of them had minor mitral valve prolapse; none of them had symptoms or were routinely visiting a clinic. Therefore, the authors did not exclude these 4 participants from the study.
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In terms of body mass index (BMI), there was a statistical difference on the gender (*P* = .004). Among the 44 participants who were overweight, 31 (70.5%) were males. Eight (88.9%) of the 9 underweight participants were females. In terms of blood pressure, 95 (79.2%) had a normal systolic blood pressure (90--119 mm Hg), and 52 (54.7%) of these 95 participants were females. One (1.5%) male participant had stage-1 hypertension (140--159 mm Hg). Regarding the diastolic blood pressure, 115 (95.8%) had the desired diastolic blood pressure (60--79 mm Hg), and 5 (4.2%) were in the prehypertension group (80--89 mm Hg). Four (80%) of these 5 participants were males. There were significant gender differences in the blood pressure categories.

In terms of the ANS parameters, the results revealed that there were significant gender differences among the parameters of LF/HF ratio, LF(%), and HF(%) (*P* \< .001). However, there was no significant difference in HRV between males and females (*P* = .887). Fifty-eight (48.3%) of the participants had a higher value (\>60%) of LF (%), representing the contribution of sympathetic nervous activity, and 39 (66.1%) of these 58 participants were males. Fifty-six (46.6%) of the participants had a lower value (\<39%) of HF (%), and 38 (67.9%) of these 56 participants were males. In terms of the value of LF/HF ratio, 58 (48.3%) were higher than the normal value (\>1.6), and 39 (32.5%) were in the normal range (0.8--1.59). For those with a higher value of LF/HF ratio, 39 (67.2%) were males.

The results of 3 dimensions in the occupational burnout inventory are shown in Table [2](#T2){ref-type="table"}. No statistically significant association was found between the gender and the scores of the 3 dimensions in the occupational burnout inventory (*P* = .300--.955).
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In the dimension of personal burnout, it was significantly associated with age (F~(4;115)~ = 3.794; *P* = .006), reasons to work overtime (F~(3;116)~ = 3.630; *P* = .015), medical history (2 levels: yes/no, F~(1;118)~ = 7.486; *P* = .007), and current health status (2 levels: good/unwell, F~(1;118)~ = 18.824; *P* \< .001). Post hoc test results revealed that participants between the ages of 20 and 25 years had significantly higher personal burnout scores than participants in the other age group (66.7 ± 29.3), and the age group of 36 to 40 years followed (41.7 ± 16.2). Regarding the reasons for working overtime, the results showed that participants with onerous tasks had significantly higher personal burnout scores (58.3 ± 24.2) than other reasons or without overtime participants. Participants with a medical history (46.8 ± 19.2) had scores 10 points higher than those without any major diseases (36.7 ± 15.7). Participants with good health status (35.4 ± 15.7) had lower personal burnout scores (35.4 ± 15.7) than those with at least 1 symptom among headache, insomnia, exhaustion, or others (50.4 ± 16.0).

Regarding work-related burnout, it was significantly associated with medical history (2 levels: yes/no, F~(1;118)~ = 4.026; *P* = .047) and current health status (2 levels: good/unwell, F~(1;118)~ = 6.121; *P* = .015). Participants with a medical history (42.8 ± 14.7) had 7 more points in the work-related burnout scores than those without any major diseases (35.8 ± 15.6). Participants with good health status (35.4 ± 24.2) had lower work-related burnout scores than those with at least 1 symptom among headache, insomnia, serious fatigue, and others (43.7 ± 24.2).

The score of "work overcommitment" was significantly associated with education level (F~(3;116)~ = 3.649; *P* = .015). Participants with graduate degrees were overcommitted to work in comparison with others. Furthermore, participants who were indirect staff (engineers, managers, certified professionals, secretary/administrators) tended to overcommit to their work in comparison with direct staff members (technicians and assistant engineers) (37.8 ± 15.6 vs 34.4 ± 17.8; F~(1;118)~ = 6.847; *P* = .010). For participants who worked during the regular hours, the score of "work overcommitment" was significantly higher than for those participants who work either in the day shift or in the night shift (F~(2;117)~ = 4.223; *P* = .017). In comparison with the reasons for overtime, those who had onerous tasks tended to overcommit to their work in comparison with participants with other reasons, such as no overtime, working overtime because of the company\'s request or because of personal finance requirements (F~(3;116)~ = 4.674; *P* = .004).

In general, participants with a medical history and feeling unwell tended to have higher personal and work-related burnout. Participants with onerous tasks, a graduate degree, an indirect position, and regular-hour work tended to overcommit to their work.

The associations between ANS parameters and demographic and health information are shown in Table [3](#T3){ref-type="table"}. Most of the biographic, health-related variables were not significantly associated with HRV, LF/HF ratio, HF(%), or LF(%). Job seniority was found to be associated with HRV (odds ratio \[OR\] = 0.980, 95% confidence interval \[95% CI\]: 0.963--0.998, *P* = .025). LF% (OR = 0.389, 95% CI: 0.184--0.821, *P* = .013), HF% (OR = 0.389, 95% CI: 0.184--0.821, *P* = .013), and LF/HF ratio (OR = 0.373, 95% CI: 0.171--0.812, *P* = .013) were significantly correlated with job category (direct vs indirect). The associations between heart rate and HRV (OR = 0.945, 95% CI: 0.891--1.004, *P* = .066), LF% (OR = 0.969, 95% CI: 0.937--1.003, *P* = .072), and HF% (OR = 0.969, 95% CI: 0.937--1.003, *P* = .072) were borderline.
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The correlation between the ANS parameters and the scores of occupational burnout inventory is shown in Table [4](#T4){ref-type="table"}. None of any ANS parameters was significantly correlated with the 3 dimensions in the occupational burnout inventory in general or among women. The dimension of "work overcommitment" tended to poorly correlate with HF(%), LF(%), and LF/HF ratio among men.
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Taking further steps to investigate the correlation between the ANS parameters and each item in the occupational burnout inventory (data not shown), the results revealed that 1 item ("how often are you physically exhausted?") in the "personal burnout" was correlated with HRV (Spearman correlation coefficients = 0.187, *P* = .041). Another item ("are you exhausted in the morning at the thought of another day at work?") in the "work-related burnout" was correlated with HRV (Spearman correlation coefficients = 0.187, *P* = .047). Regarding the gender difference, all items in the occupational burnout inventory were not correlated with HRV for men. For female participants, 1 item ("are you exhausted in the morning at the thought of another day at work?") in the "work-related burnout" and another item ("when I get home, I am still thinking about work problems") in the subscale of "work overcommitment" were correlated with HRV (Spearman correlation coefficients = 0.341, *P* = .012; Spearman correlation coefficients = 0.287, *P* = .035, respectively). "Work overcommitment" was also poorly related to LF/HF ratio among male participants (Spearman correlation coefficients = 0.274, *P* = .026). In addition, the item "as soon as I get up in the morning, I start thinking about work problems" was significantly correlated with the LF/HF ratio (Spearman correlation coefficients = 0.262, *P* = .034). Two items in the dimension of "work overcommitment" were significantly associated with HF(%) and LF(%) among men. These items were "as soon as I get up in the morning, I start thinking about work problems" (Spearman correlation coefficients = 0.291, *P* = .018) and "when I got to bed, I am still thinking about work problems" (Spearman correlation coefficients = 0.266, *P* = .031).

After adjusting for possible confounding factors, such as job category, job seniority, HR, age, BMI, education, medical history, economics condition, and extra working hours in the past month, all parameters of ANS (HRV, LF/HF ratio, HF\[%\], and LF\[%\]) were not significantly associated with any of the dimensions of the occupational burnout inventory (*P* = .13--.79) (Table [5](#T5){ref-type="table"}). The dimension of "work overcommitment" was somewhat associated with HRV (*P* = .13).
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Logistical regression analysis of subscales of occupational burnout inventory factors associated with the normality of HRV, LF/HF ratio, LF, and HF.
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4. Discussion
=============

Generally, participants who were young (20--25 years old), who worked overtime because of onerous personal tasks, who had a medical history, and feeling unwell tended to report higher personal burnout scores. Higher work-related burnout was associated with medical history and feeling unwell. Participants with a graduate degree, with onerous tasks, who were indirect staff, and with a regular-hour job tended to overcommit to their work. The results showed that gender was not significantly associated with the 3 dimensions of the occupational burnout inventory. In addition, the occupational burnout inventory is not correlated with the parameters of ANS function. Furthermore, there was no significant association among the occupational burnout inventory and the normality of the ANS parameters after adjusting for confounding factors.

The effects of the reasons for working overtime on burnout, the association between current health status and burnout, and the association with work overcommitment for those with graduate degrees and indirect positions reported in this study had not been reported in earlier studies. The results were comparable to the results from previous studies in which young, junior employees with regular-hour work had higher burnout scores.^\[[@R20],[@R41],[@R42]\]^

The results in this study revealed that there were no significant gender differences in personal or work-related burnout; this is in conflict with the results from previous studies.^\[[@R34],[@R43]\]^ Job characteristics of the study population, the differences of definitions in job title, and small sample size may contribute to the different results in comparison with other studies.

The authors categorized the jobs into 6 different categories in order to investigate the effects of job category on burnout. Because of the small sample size, it was difficult to conduct a statistical analysis. Therefore, the authors recategorized the participants into 2 major groups: direct and indirect. The participants in the direct-position group were technicians, and assistant engineers who usually work on the production line. The characteristics of direct staff included labor intensive, routine task execution, high school and community college degrees, and usually work either the day shift or the night shift with 12 working hours for 2 consecutive days and resting for 2 days. Engineers, certified professionals, secretary/administrators, and managers were classified in the indirect position group. The characteristics in this group included higher education, working regularly in the daytime with occasional night duty, policy and project planning, and decision-making. After adjusting for the job category, the indirect staff were significantly more committed to their work than those who were direct staff. Although there were no significant differences, the scores for personal and work-related burnout of indirect staff were higher than the scores of direct staff. These findings were similar to the results from Yeh et al.^\[[@R34]\]^

Regarding the association between health status and occupational burnout, the results from previous studies showed that work under high job stress conditions might result in hypertension, cardiovascular disease, depression, and chronic fatigue syndrome.^\[[@R25],[@R26]\]^ Prochalska et al^\[[@R25]\]^ suggested that in order to diagnose chronic fatigue syndrome, physicians should exclude factors, such as obesity (BMI \> 25) and those diseases that would result in fatigue. Hsiao^\[[@R42]\]^ also suggested that health problems would result in burnout, such as viral and respiratory infections, diabetes, cardiovascular diseases, obesity, and liver diseases. This study suggested that participants with a past medical problem and who subjectively reported feeling unwell had higher scores of personal and work-related burnout, confirming results from previous studies.^\[[@R25],[@R26]\]^ However, no significant associations among BMI, HR, blood pressure, and the 3 dimensions of occupation burnout inventory in this study contradicted the findings from the earlier study.

Research has shown that age, gender, HR, blood pressure, obesity, health status, psychological stress, respiration rate, regular exercise, air pollutants, PM2.5, household sprays, and scented products will affect the HRV.^\[[@R29],[@R30],[@R44]--[@R46]\]^ Among these factors, HR and age were inversely correlated to HRV. However, obesity and work stress were positively correlated to the ratio of LF/HF. Regular exercise increased HRV and the parasympathetic nerve system activity, suggesting a decreased risk of cardiovascular disease.^\[[@R45],[@R46]\]^ In this study, the results revealed that HRV significantly decreased as years of employment increased (*P* = .025), and LF(%), HF(%), and LF/HF ratio were significantly associated with job category (*P* = .013). However, there was no significant association between HRV and age, gender, HR, or blood pressure; this result was different from those of previous studies. The possible reason may be because of the study purpose. In earlier studies, researchers tried to investigate the linear association between HRV and correlated variables. In contrast, the main purpose of this study was to identify the high risk of cardiovascular diseases and the abnormalities of HRV, LF(%), HF(%), and LF/HF ratio. Therefore, the results of the OR represented the association between the abnormalities of ANS function indices and the demographic and health characteristics. Regarding the significant association of HRV with years of employment, a previous study showed that job seniority was a risk factor for high job stress, and was also associated with "work overcommitment." Although "work overcommitment" is not the direct factor resulting in fatigue, it may be an important factor related to occupational burnout and may worsen the health condition. Previous studies have identified that worse health status resulted in decreased HRV, increasing the risk of heart diseases.^\[[@R20],[@R29],[@R34],[@R47]\]^ In addition, most of the indirect staff reported that they did not have extra energy to exercise, gained weight every year, and usually did not have dinner at a regular time (most after 8 PM). These can explain the association between HRV and job seniority, and the associations between LF (%), HF (%), and LF/HF ratio and position.

In general, the occupational burnout inventory is not correlated with the parameters of ANS function indices. However, there were 2 items in each subscales of the occupational burnout inventory that were correlated with one of the indices. LF (%), HF (%), and LF/HF ratio were significantly correlated with "work overcommitment" for men. In contrast, "personal burnout" and "work overcommitment" were significantly correlated to HRV for women. Tseng and Cheng^\[[@R26]\]^ mentioned that employees with higher "work overcommitment" scores had a higher job stress. Yeh et al^\[[@R34]\]^ showed that employees with higher "work overcommitment" scores usually sacrificed their leisure time and spent more time on these jobs voluntarily. The situation of "overcommitment" may not result in burnout, but it was correlated with those "Karoshi" cases. This can be explained by the fact that "work overcommitment" tended to result in occupational burnout and worsen the health status. High job stress is associated with decreases in HRV that will affect the HPA feedback and result in the increase of cardiovascular diseases.^\[[@R48]\]^

After adjusting for age, HR, BMI, education, medical history, job category (direct/indirect), job seniority, and extra working hours in the previous month, there was no significant association among the 3 dimensions of occupational burnout inventory and the normality of the ANS parameters. One of the possible reasons to explain the insignificant association in the occupational burnout inventory is the conservativeness of the participants, leading to lower scores in the 3 dimensions when compared to other studies.^\[[@R24],[@R32],[@R34]\]^ Another reason is the small sample size of the participants.

Although the HRV was not significantly associated with the score from the occupational burnout inventory, the scales in the domain of "work overcommitment" were found to be associated with HRV in comparison with the domains of "personal burnout" and "work-related burnout." The result showed that the ratio of LF to HF was statistically significant for male participants. In addition, high-tech employees were found to be in a high-risk group for burnout, overcommitment, and abnormalities in the ANS function. Therefore, health care professionals should focus on the results of physical exams among these employees, especially those with high blood pressure and HRV. An intervention should be given in advance to those with chronic fatigue or metabolic issues resulting from overcommitment and working overtime in order to reduce the risk of any diseases.

Regarding ANS parameters, the authors recommend that HRV can be applied to work places, especially to employees with existing diseases, who are obese, who work overtime, have an excess workload, and have a high score for occupational burnout or stress, although there was a weak association between HRV and these factors. However, the results from earlier studies showed that there were associations between HRV and cardiovascular diseases, obesity, and even Karoshi. By measuring HRV and monitoring the HRV trend, health care professionals can screen out possible cases with arrhythmias and/or ANS function abnormalities in order to provide early medical treatment and promote regular health education. Furthermore, this can reduce the risks of cardiovascular diseases resulting from occupational fatigue, work stress, and burnout.

This study has some limitations. This was a cross-sectional study that represents a snapshot in time limited to the participants herein. In the study tools, the occupational burnout inventory is a subjective method to collect data. Although the researchers already explained confidentiality of the study, it was hard to appease the concerns of the participants, especially with respect to the leakage of information to the managers of the company. Regarding the biographic and health status information, the data were collected using questionnaires, not from physical examination records. The subjective method also may affect the study results if the participants did not provide the correct responses. In addition, we did not include noise or other environmental factors in our study. Therefore, it is difficult to discuss the association between HRV and noise exposure; thus, the effect of work-related burnout on HRV cannot be investigated with the noise effect.

In the HRV measurement, the authors use a wrist-band HR and blood pressure monitor. This instrument has passed the ISO 13485 and European Union CE marking requirement. The precision and accuracy should be acceptable. However, the measurement was easily affected by body or extremity movements and respiration in a sitting position, resulting from the limited test space. The researchers checked the data immediately after the measurement and redid it, if there were any interferences, after a 15-minute resting period. This may induce psychological stress because the examination duration may pass the regular break period given by the company.

This study was the first to investigate the association between occupational burnout and HRV in the high-tech industry, a unique industry in Taiwan. There were only 120 study participants in this cross-sectional study; this may limit the statistical power and interpretation of the results. We recommend increasing the sample size, including the health examination records, and conducting a follow-up study that can clearly analyze the association between occupational burnout and HRV in the future study.

Cardiovascular diseases are a multifactor problem, from the environmental setting to inequalities and from personal behavior to organizations. In this study, our focus was on the investigation of the association between occupational burnout and HRV for early intervention. Therefore, factors, such as green cities, inequalities, and physical inactivity, will remain for future studies.

This study concluded that participants who were young (20--25 years) and junior and who worked overtime because of onerous personal tasks reported a higher personal burnout score. Participants with graduate degrees, who were indirect staff, with a regular-hour job, and who worked overtime because of onerous personal tasks tended to overcommit to their work. Participants with a past medical problem and unhealthy status were at a high risk for personal and work-related burnout. Junior employees had higher HRVs. The abnormality in LF(%), HF(%), or the ratio of LF/HF for indirect employees was lower than the direct staff. Male participants with "work overcommitment" status tended to be positively correlated with LF(%) and the LF/HF ratio and tended to be negatively correlated with HF(%), indicating over-functioning of the sympathetic nervous system. Overall, HRV is an objective method to evaluate occupational burnout and can be used to screen out employees at a higher risk for cardiovascular problems. With early intervention and/or health education and promotion to these employees, the prevalence of burnout and even cardiovascular diseases can be prevented.
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